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ABSTRACT
Recent outbreaks of diphtheria have drawn attention to the re-emergence of this disease. This study
investigated susceptibility to diphtheria in north-east Germany and its relationship to gender and social
factors. A study population of 4275 individuals recruited for the population-based Study of Health in
Pomerania (SHIP) was available for analysis. IgG antibodies against diphtheria toxin were determined
by ELISA and were used to deﬁne susceptibility to diphtheria (i.e., IgG titres < 0.1 IU ⁄mL). The
prevalence of susceptibility to diphtheria was 32.4%. Multivariate analysis revealed 45% increased odds
of women being susceptible to diphtheria. Women who had not received diphtheria toxoid vaccination
during the previous 10 years had four-fold increased odds of being susceptible to diphtheria toxin
compared with unvaccinated men. None of the social factors investigated was associated with
susceptibility status. It was concluded that a high proportion of middle-aged adults was susceptible to
diphtheria. Women lacked seroprotection more often than men, which might be explained, in part, by
gender-speciﬁc immune responses following vaccination. There is a need for information campaigns to
improve public awareness of these problems.
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INTRODUCTION
Recent outbreaks of diphtheria in the newly
independent states of the former Soviet Union
have drawn attention to the re-emergence of this
disease. Several local and time-speciﬁc factors
facilitated an epidemic with a maximum annual
incidence of 50 000 diphtheria cases and more
than 5000 deaths [1]. These factors included a low
immunisation status among children, socio-eco-
nomic instability, population movement, partial
deterioration of the healthcare infrastructure, and
poor information dissemination among physicians
and the public. While these speciﬁc factors are not
typical of the current situation in most western
countries, a low immunisation status among mid-
dle-aged adults has contributed to the diphtheria
epidemic in the newly independent states. Some
studies from Europe [2,3] and north America [4,5]
have reported a high susceptibility to diphtheria
toxin among adults, similar to that found in the
newly independent states of the former Soviet
Union before the diphtheria outbreak [1].
Although booster vaccination of adults with
low or no protection against diphtheria is effect-
ive [6], and information campaigns to improve the
awareness of medical personnel and the public
have been shown to increase population immu-
nity against diphtheria in a population-based
intervention [7], little has been done by European
authorities to manage the current high levels of
susceptibility to diphtheria among adults. In
general, high-proﬁle information campaigns,
targeting physicians and the public, with respect
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to speciﬁc health risks are thought to reduce the
risk of the corresponding disease. This is usually
observed ﬁrst in well-educated populations and
in individuals with a high level of utilisation of
medical services. According to health behaviour
models (i.e., health belief model and theory of
planned behaviour), social-cognitive factors are
central determinants of health behaviour [8,9].
The likelihood that an individual will participate
in a vaccination programme is determined by the
perceived health threat posed by the current
situation, which results from an individual’s
perceived susceptibility to a particular health
risk. Perceived threat is mainly a function of the
level of awareness concerning the health condi-
tion. Thus, sources of information, such as school
education or contacts with relatives and friends,
are thought to improve immune status if effective
campaigns are undertaken. Since speciﬁc efforts
to improve population immunity to diphtheria
are virtually absent, these factors may not be
associated with immunisation status with respect
to diphtheria toxin.
During the epidemic in the newly independent
states of the former Soviet Union, women accoun-
ted for a majority of adult cases, with incidence
rates two- to three-fold higher than those for
coeval men [1]. This gender-related difference
corresponds to the lower proportion of seropro-
tection against diphtheria observed among
women in several seroepidemiological studies
[2,10–14]. The reasons for this difference are not
well-understood, and it is unclear whether higher
doses of vaccines should be administered to
women in order to achieve the same level of
immunity as that found in men. Therefore, the
present study screened a population-based sam-
ple of adults to determine factors that modulate
this gender-related difference with respect to
susceptibility to diphtheria toxin.
METHODS AND MATERIALS
Study population
The Study of Health in Pomerania (SHIP) was a cross-sectional
epidemiological survey in West Pomerania, a region in the
north-east of Germany. The total population of West Pomer-
ania selected for the SHIP comprised 212 157 inhabitants. A
two-stage cluster sampling method was adopted from the
WHO MONICA Project, Augsburg, Germany, and yielded 12
5-year age strata (20–79 years) for both genders, each of which
included 292 individuals [15]. Only individuals with German
citizenship were included in this study. Data collection
commenced in October 1997 and concluded in March 2001.
The net sample (after exclusion of migrated or deceased
individuals) comprised 6267 eligible inhabitants. All subjects
received a maximum of three written invitations. In cases of
non-response, letters were followed by several telephone calls,
or by home visits if contact by telephone was not possible.
Finally, 4310 individuals (a response rate of 68.8%) partici-
pated; non-participants comprised 989 men and 968 women.
Reasons for non-participation included no interest in the study
(39.7%), health problems (23.0%), insufﬁcient time (16.7%),
satisfaction with general medical care (11.6%) and fear of bad
results (3.0%). No information concerning non-participation
was available for 6.0% of the non-participants [16].
For the present analysis, 35 individuals (16 men, 19 women)
were excluded, either because no blood was drawn or because
data concerning anti-diphtherotoxin IgG were missing, result-
ing in a total study population of 4275 individuals, 4163 (97.4%)
of whom resided in the former German Democratic Republic
(GDR). In the former GDR, combined anti-tetanus and anti-
diphtheria vaccination was introduced in 1964 and has been
mandatory for children since that date. After the age of 16 years,
only booster vaccinations against tetanus were recommended
until 1991, after which combined booster anti-tetanus and anti-
diphtheria vaccinations were also recommended for adults.
Since 1994, the use of such combined vaccinations has also been
recommended for adults with traumatic injuries.
All participants gave written informed consent. The study
conformed to the principles of the Declaration of Helsinki, as
reﬂected by an approval a priori of the Ethics Committee of the
University of Greifswald.
Measurements
Socio-demographical and medical characteristics were as-
sessed by computer-assisted personal interviews. According
to the former GDR school system, education was categorised
into three levels: low (< 10 years); medium (10 years); and
high (> 10 years). The current marital status comprised four
categories (never married, married, divorced, widowed). To
characterise social relations, the social support survey score
[17] and the social network index [18] were calculated, with
higher levels indicating strong social relations. A history of
previous diphtheria during childhood or youth was obtained,
as well as information concerning vaccinations against tetanus
and diphtheria during the past 10 years. For the latter, the
answers ‘No’ and ‘Do not know’ were merged into one
category.
Blood samples were drawn and IgG antibodies against
diphtheria toxin were determined by ELISA (Virion ELISA
classic; Virion, Ru¨schlikon, Switzerland). Diphtheria toxoid
was bound to microtitre plates and a calibration curve for each
plate was performed with the WHO anti-toxin standard.
Susceptibility to diphtheria was deﬁned according to the
recommendations of the manufacturer. Subjects with an IgG
titre < 0.1 IU ⁄mL were considered to be susceptible to
diphtheria.
Statistical analysis
Each age and gender stratum in the study population was
weighted mathematically to the age and gender distribution of
the total population of West Pomerania, in order to represent
the standard population of adults. The weighting was used
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during all analyses to adjust for any over-sampling. Data
concerning quantitative characteristics were expressed as
median and inter-quartile range. Data concerning qualitative
characteristics were expressed as percentage values or absolute
numbers, as indicated. Comparisons among groups were
made using chi-square tests (nominal data) and Mann–Whit-
ney U-tests (continuous data). Independent risk-factors for
susceptibility were analysed using logistic regression. Model
construction was performed in a stepwise fashion. First, all
selected variables were included as main factors. Subse-
quently, the regression model was reduced by backward
procedures. All factors with a p value < 0.1 were maintained in
the ﬁnal model. Second, a sequence of backward and forward
stepwise regression analyses incorporated all two-way inter-
action effects between gender and all other variables into the
model. The decision to maintain an interaction was made
according to the likelihood ratio, and interactions were only
included in the models if a consistent p value < 0.1 was
achieved. All statistical analyses were performed with SPSS
v.11.5.1 software (SPSS GmbH, Munich, Germany), with
p < 0.05 considered to be statistically signiﬁcant.
RESULTS
The prevalence of susceptibility to diphtheria in
the population studied was 32.4%. The highest
susceptibilities were observed in subjects aged
70–79 years (51.9%) and in subjects aged 40–
59 years (44.8%) (Fig. 1).
Individuals with and without susceptibility to
diphtheria were compared with respect to the
selected characteristics shown in Table 1. Subjects
with susceptibility to diphtheria were older, more
often female, less educated, less often single, and
less likely to report previous vaccination against
tetanus or diphtheria than the reference group. In
descriptive statistics, both groups were compar-
able with respect to the social support survey
score, the social network index and a previous
history of diphtheria.
Following multivariate analysis, women had
45% increased odds of being susceptible to
diphtheria. Compared to the youngest group,
middle-aged individuals had higher odds of
susceptibility. Vaccinations against both tetanus
and diphtheria were associated inversely with the
dependent variable (Table 2). None of the social
factors fulﬁlled the inclusion criteria for the
reduced regression model and were thus not
associated with the susceptibility status.
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Fig. 1. Age-dependent proportions
of immunity against and susceptibil-
ity to diphtheria in both genders. All
data are weighted against the popu-
lation ofWest Pomerania. Immunity,
IgG antibody titre against diphtheria
toxin ‡ 0.1 IU ⁄mL; susceptibility, IgG
titre < 0.1 IU ⁄mL.
Table 1. Socio-demographic characteristics, and history of
diphtheria and vaccinations against tetanus and diph-
theria, among subjects with immunity against and suscep-
tibility to diphtheria in the Study of Health in Pomerania
(1997–2001)a
Immunityb
n = 2785
Susceptibilityc
n = 1490 pd
Age, median years (IQR) 41 (27) 51 (20) < 0.05
Female gender 48.6% 55.6% < 0.05
Education
Low (< 10 years) 32.1% 42.4% < 0.05
Medium (10 years) 50.4% 44.2%
High (> 10 years) 17.5% 13.3%
Marital status
Single 27.2% 12.1% < 0.05
Ever married 60.2% 68.7%
Divorced 6.9% 9.5%
Widowed 5.7% 9.7%
Social support survey
score, median (IQR)
17 (7) 17 (7) 0.91
Social network index score
I (low) 33.8% 34.3% 0.45
II 39.9% 37.5%
III 21.1% 22.3%
IV (high) 5.3% 5.9%
History of diphtheria 6.1% 6.8% 0.39
Vaccination against
tetanuse
72.9% 54.9% < 0.05
Vaccination against
diphtheriae
39.7% 18.9% < 0.05
IQR, inter-quartile range.
aAll data are weighted against the population of West Pomerania.
bImmunity: IgG antibody titre against diphtheria toxin ‡ 0.1 IU ⁄mL.
cSusceptibility: IgG titre < 0.1 IU ⁄mL.
dChi-square test (nominal data) or Mann–Whitney U-test (interval data).
eDuring the past 10 years.
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The regression models identiﬁed one two-way
interaction between gender and vaccination
against diphtheria (b = 0.432, SE 0.209, p 0.04;
Table 3). Females with no diphtheria toxoid
vaccination during the previous 10 years had
four-fold increased odds of being susceptible to
diphtheria toxin than unvaccinated men in the
regression model (Fig. 2). While the odds of
susceptibility decreased by a factor of 2.63 among
males, the odds only declined by a factor of 1.67
for females, and still remained 2.39-fold higher
than those for unvaccinated males (Fig. 2). Ana-
lyses stratiﬁed according to gender conﬁrmed this
interaction. Among males, the inverse relation-
ship with a history of diphtheria toxoid vaccin-
ation was stronger than among females in the
adjusted models (OR 0.36, 95% CI 0.27, p 0.49 vs.
OR 0.64, 95% CI 0.45, p 0.90). No interaction was
found between gender and any of the social
variables listed in Table 1.
DISCUSSION
The present study revealed a high prevalence of
individuals with susceptibility to diphtheria. The
susceptible proportion of 32.4% of the overall
population studied is in agreement with the
results of a cross-sectional national health survey
with a probability sample of adult residents in
Germany conducted between 1995 and 1996 [19].
In Europe, the proportion of susceptible individ-
uals varies widely (e.g., 9.9% in Italy [20], > 11.9%
in The Netherlands [12], 20.3% in France [14] and
32% in Belgium [3]). Variations can be explained
by different vaccination programmes and aware-
ness among populations, and also by different
study designs and deﬁnitions. Another study
performed in the former GDR found that only
12.3% of study participants had insufﬁcient sero-
protection [13], but included both children and
adults, while the present study included only
adults. In general, this north-eastern region of
Germany has a high infant vaccine coverage of
nearly 100%. Upon comparison of the results of
the two studies within the speciﬁc age strata, the
susceptibility proportions were almost identical.
The results of the present analyses are also in
accord with those of several other studies [2–5,12–
14,19,21] with respect to the typical age trend in
diphtheria immunity. In individuals who were
born before diphtheria vaccination became man-
datory, immunity is related to natural infection. In
particular, the relatively low degree of suscepti-
bility among individuals aged 60–69 years reﬂects
immunisation during the last large diphtheria
endemic in Germany, which occurred during
World War II and the post-war reconstruction
period. These trends are not comparable with
those observed at the beginning of the last
century. At that time, the proportion of the
population that was completely immune to diph-
theria increased with every decade, reaching 90%
Table 2. Determinants of susceptibility to diphtheria in
the Study of Health in Pomerania (1997–2001)a
OR 95% CI pb
Female gender 1.45 1.18, 1.78 < 0.05
Age (reference: 20–29 years) < 0.05
30–39 years 1.45 1.09, 1.93 < 0.05
40–49 years 2.48 1.79, 3.43 < 0.05
50–59 years 1.83 1.30, 2.58 < 0.05
60–69 years 1.63 1.16, 2.28 < 0.05
70–79 years 1.17 0.77, 1.77 0.46
Vaccination against tetanus
during the past 10 years
0.45 0.33, 0.62 < 0.05
Vaccination against diphtheria
during the past 10 years
0.46 0.37, 0.58 < 0.05
aSusceptibility: IgG antibody titre against diphtheria toxin < 0.1 IU ⁄mL.
bLogistic regression analysis, main effects model. All variables are listed which
attained a statistical signiﬁcance of p < 0.1.
Table 3. Interaction between gender and vaccination
against diphtheria
b SE pa
Female gender 0.139 0.153
Vaccination against diphtheria
during the past 10 years
) 0.961 0.147
Interaction between female gender and
history of vaccination against diphtheria
0.432 0.209 < 0.05
OR 95% CI
Age (reference: 20–29 years)
30–39 years 1.46 1.09, 1.94 < 0.05
40–49 years 2.49 1.80, 3.46 < 0.05
50–59 years 1.85 1.31, 2.60 < 0.05
60–69 years 1.64 1.17, 2.30 < 0.05
70–79 years 1.21 0.78, 1.83 0.37
Vaccination against tetanus
during the past 10 years
0.44 0.32, 0.61 < 0.05
aLogistic regression analysis, adjusted for determinants of susceptibility to diph-
theria.
0
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Males Females
O
R Vaccination (–)
Vaccination (+)
Fig. 2. The odds of being susceptible to diphtheria with
respect to gender and diphtheria toxoid vaccination during
the past 10 years.
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in individuals aged ‡ 40 years [22]. The currently
higher susceptibility in middle-aged individuals
is caused by the fact that either natural or vaccine-
derived immunity wanes in the absence of boost-
ing. In agreement with other studies, and related
to a general decline in immunity with advanced
age [23], individuals aged ‡ 70 years had a relat-
ively low degree of seroprotection in the present
study.
Between 1964 and 1990, vaccination against
diphtheria in East Germany was mandatory for
children and adolescents, resulting in nearly
100% coverage in this region. The strict vaccin-
ation schedule for children resulted in better
protection in the East German compared with the
West German population, where participation in
vaccination programmes has always been volun-
tary [19]. Following the reuniﬁcation of Germany
and the transfer of legislation from west to east,
vaccination programmes are no longer manda-
tory, but are still accepted more readily in the east
than in the west. Among adolescents aged 11–
17 years, the coverage of anti-diphtheria vaccin-
ation is 95% in the east compared with 47% in the
west [24]. In a previous comparative study among
adult blood donors in Berlin, susceptibility to
diphtheria was 13% among individuals who had
lived in the east before 1989, and 25% among
individuals who had lived in the west [25].
In agreement with other studies [2,10–14],
females had higher odds of susceptibility to
diphtheria in the present investigation. A number
of factors may contribute to this gender-related
difference, including immunisation of males dur-
ing military service [12]. Higher rates of injury
and consecutively higher rates of receiving vac-
cine may also contribute to the gender-related
difference [5]. In Germany, combined anti-tetanus
and anti-diphtheria vaccinations have been
recommended for use in patients with traumatic
injuries since 1994, which might also partly
explain the gender-related difference. However,
the present observation of no relationship be-
tween gender and vaccination against tetanus
does not support this hypothesis. As expected,
women in the present study who reported vac-
cination during the previous 10 years had lower
odds of being susceptible to diphtheria than
women who did not report vaccination. However,
the risk reduction was much lower than that with
males. This may indicate a gender-related differ-
ence with respect to immunisation responses to
vaccines. This suggestion is also supported by a
study that investigated success after booster
vaccination in adults [6]. Failing immunisation
after vaccination was observed in women twice as
often as in men. Furthermore, women have lower
antibody titres following vaccination, and might
maintain immunity after vaccination for a shorter
time than men [26,27]. Based on the evidence
from the present study, further studies are
required to investigate whether higher vaccine
concentrations should be administered to females
to achieve the same level of immunity as in males.
In the present study, social factors and educa-
tion were not associated with immune status and
did not explain the gender-related difference in
susceptibility to diphtheria. In general, social
support and relations, as well as education, are
strong predictors of mortality [28], general health
disorders [29] and utilisation of medical services
[30]. The high vaccination coverage of > 95% in
children may explain the absence of social differ-
ences with respect to susceptibility in younger
adults. The fact that there was no difference in
immune status related to social characteristics
among older individuals may indicate a general
need for information campaigns to improve the
awareness and acceptance of vaccination among
adults.
The reference standard to estimate immunity
status with respect to diphtheria is direct meas-
urement of IgG antibodies against diphtheria
toxin in neutralisation tests in animals or cell
cultures [31]. The present study used a rapid and
cost-effective toxoid ELISA, which has been
shown to have a high correlation with the refer-
ence standard in previous studies [6,32].
Although the accuracy of the ELISA may be
reduced if very low antibody titres of < 0.1 IU ⁄mL
are present [31], such low levels were beyond the
scope of the present study.
Among the non-respondents, 23% of individu-
als did not participate in the study because of
health problems. Thus, selection might have
resulted in an underestimation of the susceptibil-
ity prevalence, especially among older individu-
als. Unfortunately, no further relevant
information was obtained from non-respondents
(e.g., a history of vaccinations). Another limitation
of the study was the deﬁnition of the history of
vaccinations by self-reports, which might be
subject to recall bias. The inverse association
between history of vaccinations against tetanus
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and susceptibility to diphtheria might reﬂect such
bias. In addition, gender-speciﬁc recall bias that
may have produced a false-positive interaction
between gender and history of vaccination with
respect to susceptibility to diphtheria cannot be
ruled out completely.
In conclusion, the study revealed that there was
a high proportion of middle-aged individuals
who were susceptible to diphtheria. Women were
more often without seroprotection than men,
which might be explained partly by gender-
speciﬁc immune responses following vaccination.
There is a need for information campaigns to
improve public awareness of these problems.
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